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Regional Wave and Storm Surge Modeling
J— Approach TN

Wind and PBL, H*Wind DEMS, structure,
Atmospheric and IOKA levee crest elev,
Pressure Processes from Task 1
Data (NOAA) :
\/ ‘ Datum conversions
from Task 6

HE N
guntnt® Ny
v Wave Modeling Water

> (WAM and depths
Wave Data STWAVE

(NOAA and ’ Storm Surge

\ﬂi/l\l)/ . w Modeling (ADCIRC)
Fluxes

Products: time histories
of waves and water
levels, local maxima,
along entire periphery

Ny

'S

75-90-95% \Validation

Solution Methods
HWMs and

hydrographs
from Task 1

Evolution of
Method
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Wind and Atmospheric
Pressure Fields

Storm Surge - Planetary Boundary Layer
(PBL) Model

Waves — product from H*Wind/IOKA process

Most anemometers close to storm failed near
the peak

Wind Speed [kt]

Wind Direction [°]
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Latitude

Special Output Locations Hurricane KATRINA on 30-sec WAM CY4.5 Grid

Nested Wave Modeling
el Approach (3 Nests)
V «wy N 9 2 » Basin — Regional — Nearshore
N\ LT » Wave-storm surge interaction
| S handled at the nearshore level
g 5= < -.. X STWAVE .
= Domains

Longitude £
27°N

» Maximize model-to-measurement % o

comparisons |
« STWAVE compared to SWAN Jron

« Examine steady-state

assumption in STWAVE "N

« WAM compared to Wave Height H_(f]

WAVEWATCH Il

20 30



Comparisons: WAM and Measurements
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WAM-WAVEWATCH Il Comparisons
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Sig. Wave Height (ft)

Maximum Nearshore
Wave Conditions

* Lake Pontchartrain — max significant wave heights 125
of 9 ft, peak periods of 7 sec 50

« St. Bernard — wave heights of 5 ft; periods
exceeding 15 sec

» Plaguemines (east-facing)— wave heights of 7-10
ft, periods 13-15 sec

sLevees exposed to long period wave energy

Peak Wave Pariod (sec)
Slg. Wave Halght {it) 180
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Hmo (ft)

>

EaS

29.75

Comparisons:
STWAVE-
SWAN-

Measurements

—+—Hmo Meas 22 (24 DOF)
/ Hmo Meas 23 (24 DOF)
/ —%Hmo STWAVE
—4—Hmo Time-Dependent SWAN
/ Hmo Steady-State SWAN
29.25 29‘.30 29135 29140 29145 29‘.50 29155 29160 ggias

Date (August 2005, UTC)

[«2]

» Measurements just north of

17t Street Canal entrance (2 &
small buoys) 5,
» Measured data during the E

peak are suspect

——Tp Meas 22 (24 DOF) —
Tp Meas 23 (24 DOF)

» Steady-state assumption of

1

N

=¥=Tp STWAVE
—4&—Tp Time-Dependent SWAN

STWAVE valid

0

Tp Steady-State SWAN

29.25

29.35

29.45 29.50 29.55 29.60 29.65 29.70 29.75
Date (August 2005, UTC)



Peak Wave Conditions
(Comparison: Katrina and Design Values)
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Peak Wave Conditions
(Comparison: Katrina and Design Values)

Lake Pontchartrain

D: Desigh Wave Height (ft) / Period {sec)
C: STWAVE Wave Height (ft) / Period (sec)

: D: 49 ft 155 sec
C:52f§16.3 sec

Lake Borgne




Peak Wave Conditions
(Comparison: Katrina and Design Values)

Lake Borgne
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Peak Wave Conditions
(Comparison: Katrina and Design Values)

o - D: Design Wave eight {ft} / Period (sec)
SN C: STWAVE Wave Height (ft) / Period (sec)

C: 1.4 1102 sec

C:16ft[102sec |D:37f/47 sec (LM% 8
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The Way Ahead - Waves

Mississippi coast STWAVE domain

ADCIRC-STWAVE coupling — depths and
radiation stresses

Update all wave modeling with 95% winds

Consider spatially variable winds in all STWAVE
domains

Sensitivity tests (wind, barrier island, bottom
roughness)

Update model-to-measurement comparisons
and Katrina/Design

Prepare for data releases



Hurricane Katrina Hindcasts

e Domain/Grid Improvements
— TFO1 Add North Shore, Alabama and Mississippi
— TFO1x2 Add resolution for waves and critical regions
— S14 Add resolution, features, apply Lidar

e Define directional wind reduction coefficients across LA,
MS and AL

e Define Manning n coefficients



Hurricane Katrina Hindcasts

e Incorporation of tides

e Detailed synthesis of wind and pressure fields
— PBL Analysis
— H*Wind / OWI preliminary synthesis
— H*Wind re-analysis / OWI synthesis

e Incorporation of wave radiation stress fields
— WAM
— ST-WAVE (up to 4 grids)



Hurricane Katrina Hindcasts

QA/QC of the physical system in the model
(bathymetry, topography, levee elevations, hydraulic
features)

Adjustment of MLLW, NGVD29 and NAVDS88 to Geoid for
simulations

Incorporation of high density Lidar topo data
Incorporation of updated levee heights

Output converted to NAVD 88 2004 to match HWM’s and
hydrographs
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Land Use Factors

Legend

Louisiana USGS Gap Vegetation

- Wetland Forest

1] 15 30
e Miles




Land Use Factors

Legend

Louisiana USGS Gap Vegetation

- Wetland Forest







Hurricane Katrina Hindcasts

e Base Case
— TFO1 grid
— PBL Wind field using final track info
— River flows
— No tides
e Run information

— 377,815 computational points, solved every 1 second
for 6 days.

— On a Cray XT3 using 256 processors computation
takes 74.9 wall clock minutes
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TFO1 no tides — with tides
Effect of tides




TFO1 Prelim OWI winds — TFO1 PBL winds (no waves)
Effect of wind models




TFO1, final OWI — TFO1, prelim. OWI (no waves)
Effect of revision of OWI winds
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TFO1, OWI, WAM waves — TFO1, OWI, no waves
Effect of WAM

Mesh Module runseam] -Fundvw _novwayves
3.00
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00
0.oo

-1.20
-1.80
-240
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TFO1x1 OWI winds + 200m-waves
— TFO1 OWI winds no waves
Effect of ST-WAVE waves + refined grid

Mesh Module diff tf01:x200m waves runl2 - H01 novwaves rundwl nowaves










Preliminary Comparison to Hydrographs

Lake Pontchartrain at IHNC Junction
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| | | | I
—e— Orleans Levee District Gage at Southshore Marina A
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Peak Water Level Conditions
(Comparison: Katrina and Design Values)

All water levels relative
to NAVD 38 (2004.65
Lake Pontchartrain

D:11.8




Peak Water Level Conditions
(Comparison: Katrina and Design Values)

Lake Pontchartrain

D: Design Water Level (ft)
C: ADCIRC Water Level (ft)

M: High Water Mark (ft)

- 1y X e - '. .._ .I.‘ iy
7 kL r_:":-__, - -
T 'q': L -
. '-f"‘" ]

e S T .
LU D132 ey 132
ik | #\ Lake Borgne
: 15, N




Peak Water Level Conditions
(Comparison: Katrina and Design Values)

All water levels relative
to NAVD 88 (2004.65)

Lake Borgne

D: 127
C:173

D: Design Water Level {ft) | S
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Peak Water Level Conditions
(Comparison: Katrina and Design Values)

D: Design Water Level [ft)
M: ADCIRC Water Level (ft)

" -}"‘:l\{ 2

All water levels relative
to NAVD 88 (2004.63)
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The Way Ahead

e Mesh resolution is key
— Refine entrances, canals, waterways, and lakes

— Add more levees and roads
e Improve bathymetry and topography (Lidar)

e Couple to wave models (ST-WAVE 4 grids)

— Wave radiation stress
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